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(54) ISOTROPIC BOND MAGNET AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To obtain a powder alloy of microcrystal aggregate having constitutional phases of 
an Fe3B type compound and oHron and an Nd2Fe14B type crystal structure suitable for 
production of a bond magnet having a specified remanent magnetic flux density. 
CONSTITUTION: The powder alloy for permanent magnet has a composition represented by a 
formula Fe100-x-y-zBxRyMz (R represents one or two kinds of Pr and Nd, M represents one or 
more than one kind of Al, Si, S, Ni- Cu, Zn, Ga, Ag, Pt, Au, or Pb) where, 10<x<30at%, 3<y<5at% 
and 0.1<z<3at%. An Fe3B type compound and cHron coexist with a compound having Nd2Fe14B 
type crystal structure in one powder particle of a microcrystal aggregate. The average crystal 
particle size of each constitutional phase is in the range of 1-50nm and a powder having 
average particle size in the range of 3-500jxm is bonded by resin to produce an isotropic bond 
magnet. 
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[ft #JS 1 ] fc&J&it^r F e ioo-x-y-z B x R y M z 
(fiLRttPrJfcliNdWllSfcli2S, MfiA 
1, Si, S, Ni, Cu, Zn, Ga, Ag, Pt, 
Au, P btf>l 2 «£Ui) £*U *t/*i£ffl£ 

IS£-*-51B#x, y, z^TIEfitSrSSSL, Fe 3 Bi 
fk**ltffCa-fti:, N d 2 Fe 14 B 

¥^jfef H JKS^ 1 nm-5 0nm^W:fc5«M 
ft^ffc-Cfc 9 , 3 /i m~ 5 0 0 ix mX&Zffi 

10Sx^30a t % 
3 ^ y ^ 5 a t % 

0 . 1 ^ z ^ 3 a t % 

[fll$*g2] iftfiEiSSrF e iOO-x-y-zB x R y M z (ffi 
LRtiP r i3kBNd©liifcfl2a, MliA 1 , S 
i, S, Ni, Cu, Zn, Ga, Ag, Pt, Au, 
Pb<ai«*fctt2«£JLb) fc*U feriHGH 
Sffi-^x, y> z ^ TEI^«^ 1 5 d 

^jfittEfcS t Mi»*B«£S £ T r * a* »|* 

iftu * b ^isiMfca* mj*&-r 5 fijtttifi** e> e o o °c 
- 7 o o ttoj&aflflEi -e©#aafl[^ 1 o °c/ft-~ 5 

tt/lCa-ftt, Nd 2 F ei 4 BS!ISft*Jt*:«'i-5{k 

ttfe&Sl nm-5 0 n mtf^HMfc 3f&jgAft£'ft:«:# 
Ztl^W-m^3 /i m- 5 0 0/i m(-^L/c 
Bt« trttffi T L fc ^ <!r £ t i~ Z> 

1 0 ^ x ^ 3 0 a t % 
3 ^ y ^ 5 a t % 

0 . 1 ^ z ^ 3 a t % 

[OOOl] 

B-R-M (M = A l, Si, S, Ni, Cu, Zn, 
Ga, Ag, Pt, Au, Pb) -^^JirSrlHlKn— 

s»«ia*cr f e zBMit^mmz a -mt N d 2 F e 14 
b mmgtmmomtfm t <nmmm&m&&fr 

7 zl7<< hKT'Wl^to^o/:8 kG«±«SK 
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SMBr^tt, aft«ftttdi-CixfcF e-B-R^ 

[0002] 

mmomffi] wv^»ea*««B r srs*$ix5»» 

tt, ±CBr^lOkGHi, ItftBAiHc^O. 
5 kOe-2 k O e ^aftttSr^t^T^^B^, 
fcSt^Br^8 kGJL^_h, iHc^6 k O e J^±<£> S 
10 m-CoK^ffflJjxtt^o 

[0 0 0 3] r*lfeG>«5tt, JSSH*^^flt*&*^^F 

19 x 7^^850l^2O-3Owt%, Sm-C 
o8«5 0-6 5wt%tMlTt^ o S£: x Sm 
-C o«5l-^$tb5Smf4*±affi«5*^±4xS 

20 tf|:Sm-CoI5ii, tt5*MCgc«"C?A*-C#5^— 
[0 0 0 4] til, Sm-C o ffift tt^ B (D gft*CD$* 

#s*t«««iaisicttfflsnTv^5. *w-e. co^s 

tt»a*»**ftTv**a«, Stt©* r *rtB 
fcb£ft-0**t\, 

30 [0 0 0 5] 

PNd-Fe-B^K^^t, ftjfi. Nd 4 Fe 77 
Big (a t%) &mXF e 3 Bffl{b^4feS:±tB 
5W»*5«3e (R. Coehoorn^, J. de P 
hys. , C 8, 1 9 8 8, 6 6 9-6 7 01) £ft 

F e 3 BffiiNd 2 F e U B 5 *g* 

0 k Gn&<DB r£2~3kOeCOiHc <5#\ 

ft. H41±IfflWt^V^o 

[0 0 0 6] r^)F e 3 BMfb&%£±tBi:-r5 

N d - F e - B SJtt^^N d (D-$V>% D y^Tb 
LTiHc^3-5kOe 

b tRWifLxu^^tc^mit^mcmmmm^nB 

&&ffi'P1-Z>?3M&&>Z> (R. Coehoorn, J. 
Magn, Magn, Mat. , 83 (1990) 22 
so 8-2 3 01) o 
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[0 0 0 7] ^-ftlMLT h F e 3 BiN d - F e -B 

^iwsm-c om^(oi\m±t Lr^m^mt&i-z 
[0008] -<Dmwit, &m&ftkmm&mm-'m. 

[0 0 0 9] 

gStftv^MB^^ i He 3rfR]Jh£-ti\ S;SLfc 

#±«7C*<0^*J&S^fc< s Al, Si, S, Ni, 
Cu, Zn, Ga, Ag, Pt, Au, Pb^>4<i 20 

7 7*#fi?£i-5ttlBi: U #^Mll:TFe 3 B 

if <^ (Daaggft^^^ ^ ^ a m©* ?:# 5 r t \z 

J:i9 x 7;u^3i^Sm-C oI5l:E»t5 1 0 k 

[0 0 10] rOSIMrt, ffij&^F e 10 o- x -y-z B x 
R y M z ({BLRteP rifcttNd(^ll*fc|j:2l, 
M{4A 1 , Si, S, Ni, Cu, Zn, Ga, Ag, 
Pt, Au, P b(D 1 2 *J&LL) tSU ffl/S 

Fe 3 Bift^ftltflCa-ftt, Nd 2 Fe 14 BS^ 0 0 

J5KtBCO^*9jg^&S^ 1 n m~ 5 0 nm^llCfc^a 40 
m&&M&fc-e$> V s W-Vm&fr 3 ix m~ 5 0 0 /i niT* 

1 0 ^ x ^ 3 0 a t% 

3 ^ y ^ 5 a t % 

0. 1 ^ z ^ 3 a t % 

[0011] rco^ii, (l) Jja^SrF e 

100-x-y-zB x R y M z ({B LRfiP r ifcliNd^lS 
4fcfl2ffi, MfiA 1 , Si, S, Ni, Cu, Zn, 
Ga, Ag, Pt, Au, P b<Z)lffi*fc«:2«J£A±) so 
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£*U «a««BBSr»^"rsiE#x, y, z ^ Ji^OfiS 

7Wr^«t^ftItiL, (2) 
ft^M*6i"5afl[f*iE*^6 0 0°C~7 0 Ot^ftLSffl 

<kj»jaa«r*L, (3) Fe 3 BS{k^*tt;ta-ft 

^ . Nd 2 F e 14 B^^ 0 H B f#it^#i-^ft:^^75^- 
(4) ^nSrWfi 3 /i m - 5 0 0 m m t»#LfcI 

[0012] m^^RR^as 

#±«7t*Rf4P r SfcttNd<Bl«4fc2«S:«M£* 
fflz_l$C e , L a i H c ifi 2 k O e £l_k<D$f&fr'& 

fc*#*L<fcl\, Rfis 3 a t%*ffit*(±3kOeK 
_hCD i HctmbtliT, 4fc5 a t%£r/B;i3^ 8kG 
WWBrWHto^ 3-5at%^Bi:t 

[0013] Btt\ 10a t%*j»-CI4jB*lJ l &«feSrfflV^ 
kOe*i©iHcLi4IE)hftK *t 30a t% 

i(DB r ASft&jlft^fcft, 1 0~ 3 0 a t %<7)$5ffl£ . 
t5c *?*L<I1, 15-20at%«t\ 
[0014] Al, Si, S, Ni. Cu, Zn. G 

a, Ag. pt, au, p b amm&m^ftmvtLZ&m 

U Brfcitf (BH) ma xfciS*^^*?:^*"*- 
3^, 0. 1 a t%*l-rii^^W#btlf, 3 
a t%£S*L5£ 8 kG^_hcOB r36«#e>ix4V>fc*, 
0. l-3at%^Iif§ 0 ffiL<li, 0. 5~ 
1 . 5 a t %^ftv\ 

[0 0 15] Fete. ±i*^7E*©*^«fekS:£*4a 
[0016] SH£*{£ff>IE^3J& 

0 o°c~7 0 otwja.iaK*w#fias^ i o°c/ 

»-50 °C/#(c * 5 AftftMQJI r t [c ± 9 , 
Fe 3 BlfL^«m^a-t^, Nd 2 Fe 14 Bi^i 

*B©¥*M&fttM8a« 1 n m~~ 5 0 n m^ttH^fc 5«HS 
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/W*ffiJSiS£*< 10-5 0m/g?OSSffl^»ig^^ffl 
ttj4^*&ft4fc*#*LV\ i-ftto*,o-^JB*ft*si 

V *T fc <&M#tt ft* L < ffiT $ *5 4> O-Cfc < If S $ ft 

So 

[0 0 1 7] rroH^ldJoV^T, _ha?<75#SlififeCO-g-^ 

t tezmtem4kmnB.f$.\cmffi-z>t)K *M&mmm& 6 

0 OlC*-ffiT-(iN d 2 F e i 4 Bffi^tlftb Lftl^fc* i H 
ca«KS.L*V\, £fc7 0 Ot^liStWfi^f L 
<, iHc. Br:fcJ:tf«»lfc*UDfc^fe&«*fl:U -h 
j*»KSt»ttiS»f,tl.*t^«>, Sft«ta?aSi± 6 0 0 ~ 
7 0 o'ClcPI^i-So f»&a£ffl£lti:IMfc£.$»-t»rCfc 

<lil 0"2To r r JW±©|(£tp;W£ 

^^©SiSt ttf-B r ^l&T-f Sffifa^fc 

[0 0 18] r»36Wlc*>v^-CfiRjfc«rtRi: It, 

l 0 o C/^-^»#rfiiaST-{i, H-fi^t-fe 

^t/jrib-f, 3kOe«±»iHcdif#^fff*L 
<fcv\, ifc, 5 0 < C/#?rtt^-5#?aiSST-ii, 6 0 
0'CSriiilLTA^^1--5N d 2 F e 14 Blf ©If ttitf 
-\-ft\^7frtlir , i H c riSffiT-T 5 fc* ttT'/i < . Brjfe 
iE1S«)««ftll«>» 2 *lfi^«{k©(STO*>-5««B«i» 
tftO, (BH) maxiSfiTtSfcWJKil 1 . 

V^TF e 3 B*Jj:t>'a-F e ^ffi-ffci-S j&ST*fc 9 , 
#®iiHSlct3lt5|g^RJS fc LT, DTA, DSC/fi' 

jRfc fc'Srigffl LT^a^SriftfcS - fc #T-# 5. 
[0019] SSSHtit 

fc. Nd 2 F e MBffltefiflijtSr^-t-satttttai^iai 

U 4M*lftffi<0¥J3il££&&a< 1 nm~ 
«i50nm^5i, B r *5iW«»ft»0«MJtt*< 
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#{kU BrS8kG, (BH) ma x68MGOeO 

\>\ ¥*8*Si&*ft£tt:lll*H*«£#i Lv^s, in 

m*«©¥i&*£ffi*MI*&5 r fc (iX»±M±ffiilT-fo 

[0 0 2 0] 

*> 5 i * ihkm* a t r ^e/u y 7 * tmiE-t zm.m. t 

fcu *SS{t*<0B*&-t-5fa*N-ifi*»ib6 0 0'C~7 0 0 
.o "cw&sr&s * T-<D9t&mmfc 1 o °c/#~ 5 0 °c/# 

t^5gi£MI^Itc fc ic i U . ¥^*g B B B Sfl^ 
1 nm~5 0 nmCD®H(Cfo§^^-a-#:^#fc*^ 

3-5 0 0ji mJcfcJWfcLfc© 
^©/M^-fc^LTFJT^W^K^fcft 
-•rr tlci 9, 8 kGJEil±<03«e«^««B r Sr*i"5 

Sl*ixi"*fflJ^o-Fefti:Jic5fc«), Si^S^JSL 
ttF e 3 B3£t>*^Nd 2 F e i 4 B*B##f Jittir-f Id, SUK 
t 4 0 ft* \> \ * . 3 ju m5|S«©StS-C»±, it 

«t!6*i6*[STUT»* L< <CV^*t>» 3 m m 

-5 0 0 um^f&fe-fZc 

[0 0 2 1 ] r<OM^(Ci5#> K*5tt*)t*tt«5-c 

IB, A^jym »»JU5«:asjqiSI*i,fc<ot,. 4tffl 

40 ^g$*. JPf»L"C«tlBS:S8ft:S*T»5. *7t, ^tt 

t±»lg^S$-a:T»So 

[0 0 2 2] w(036Wlc*3V^T. #yFB5fOitt» 
*©fifitbJ4, SirfESaffilwj: 7 0-9 9. 

5 w t %T*fo <9 , ^ 0 . 5 — 3 0 w t %^^|g-?:©te 

T-fo^o !±m^mnm^. M&nmommttn 9 5 - 9 

9. 5wt%, 9 

0 - 9 5 w t %, mm^mm<Dm^, m'&n^mm^. 

14 9 6-9 9. 5wt%«i»*U\ r ©%P^(c:*Jl45 
50 -g-f&Wflgfi, JR«B{ktt. ^Mtt©^-f4x©ttSSr ; fir-r 



*#IP1¥ 7-263211 



(5) 



7 

[0 0 2 3] 

M^Fe-B-R-M (R^PrSfcfiNd, MttA 
U Si, S , N i N C u , Z n , G a , Ag, P t , 
Au, Pb(?)lifcL<(j:2l^±) 0>^&*»«riB& 

7 o o < c-eoaK«La*-e(o#ia.jtfl[3S« i 

F e 3 Blft^WW: a JfeStHBtt 
ffl<t, Nd 2 Fei4B5L»ft*iS«r*r-*-S««tt«i:!J* 
l^-& v **^*#U #«^ffi^ip^e B 0 ^^l nm 

M (=A 1 , Si, S, Ni, C u, Z n, G a , A 
g, Pt, Au, Pb) £JP;i5<!:, MSr^S&lSfifiSc 

»ftftfcJ:0Br*J:t5ft»tt©iRi±a*#&ix, iHc 
^ 3 k O e , Br^lOkG, (BH) m a x ^ 9MG 

"Ct, 3 m- 5 0 0 /z mCO^t ^ 

.Lt«HSi:«^t5wi:li:J:5, iHc^3kOe,B 

r^8kG, (BH) m a x ^ 8 MG O e tf>B£^#t££r 
10 0 2 4] 

$i^)No. l-l 3<7)Mi:i-5 J: **S9 9. 

5 %£X±(D F e , A 1 , Si, S, Ni, C u , Z n , 
Ga, A g N P t , Au, Pb, B, Nd, PrWM 
Srffl^T, ^*^3 0grii5i5 t-ff*U jEgPM 
ilgO. 8mm(Dty 7 -f * Sr#i" 6^3l£of£rt l-tS: 
AU JE^J 5 6c mH g <7>A r mm^X'MfflfcMf&tZ. 

xvmmL, *»a*sri3oot^Lfcft, mm* a 

r ^^^<t /UjaiSft 2 0 m/S^TEfe 

"t" 5Sfi^C u^n — /KD^J^S^O. 7mm^)iU^ 
^^*5rP*ai$itT, B2-3mm, ?^2 0-4 0 /i 



[0 0 2 5] ^<DmmJ&m&* Ar m&it& 
^§ 5 8 0°C-6 0 0 £ CJW±&* 1 Jr^i-#fflii«T* 

^fi*T^aiL-C»«SrSl9tbL. 46 2 ~ 3 mm. Jf^ 
2 0-4 0jum, g£ 3~5mm<Of*^3:fN&U VS 

2 <OR&0>Mtttti& (f**W^ ; M 3 mm, 30/i 
m, ft £ 3 mm) SrEl 1 ft*3 % i*£f<Z)fl||gfcfB£: 

io CuKaCD^ftX^T'iiSLfc^m, a-FefB, Fe 
3Bffl, N d 2 F e HBti^ilftt^^llitfeot 
fr3b\ Al, Si, S, Ni, Cu, Zn, Ga, A 
g, Pt, Au, P bli:tl^#ftfF e (D— gPSr® 
*i-So f^fefiaSlil^f tLfc 3 0 nm«Tt*fco 

fco 

[0 0 2 6] #bixfc«ftft»#**i©*«Haaii:5p 

«S»*tta* 15 0m m&Tfc»#U ^#*i/»IB** 
feiS^W y^-t 3 w t %©H^-efl^ LfciOfe, , 
6 ton/cm2(Z)]±^tj±MSl > ISOtT'gft 
20 MILT 1 2mmX 1 2mmX 8 mm^rfe(D7$ V KBS^F 

0 g r /c m 3 Tfc<9 , IMHttfO 5 !^ 5°C- 14 0 
°C^*Stt 5 B r &t>* i H c tf>ffiftfi*f££:S 2 [Ctf-To 

[0 0 2 7] Jfctfcffl 
JtlcDNo. 14 — 1 6<o<firicir^SJ:9{-*E*9 9. 

5%«Jt<DFe, B, RSrfflt^THJfifWl i:P*fl=-eiB 

#<D«i^teL, tra*fl=-e«Wb 

(ItftWNo. 14 — 16) LTVSMlrfflV>Tlt# 
30 MISLfco MSilTNo. 15(7)^W 
ft* (Hfi»tt;|3mm, 5J3m 
m) SrH 1 &*5, KW<ofl|fi8tBttF e 3Bffl* 

3Effib-tZ> a-F effitN d 2 F e i 4 Bffl^ffl*lJ&T 
5 > ¥*9*£iIH&Mf* 5 0 n mStjf^ £ N o . 1 -N o . 

7RvK«5<0«5»ttafet/»C2 5°C-1 4 0°CM*m6 

40 5 BrMiHc (Dum&m* 

M 2 C^fo 
[0 0 2 8] 
[IS1] 
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Nd4.6 
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-jk~ 
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76 


20 
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Nil.6 


20 
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75 


20 
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Cul.5 


2fl 
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Ouv 


ft 


6 


76.5 


18.5 


Nd2+Pr2 


Znl 


15 


660 




7 


75.6 


18,5 


Nd2+Pr3 


Gal 


20 


660 
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74.6 


18.6 


Nd4 


Ag8 


20 


650 




9 


78 


18 


Nd8.6 


Pt0.6 


15 


640 




10 


76.5 


18.6 


Nd4.6 


Au0.6 


80 


650 




11 


75.5 


18.6 


Nd5 


Pbl 


20 


670 




12 


76.6 


18.6 


Nd4 


A10.6+S10.6 


16 


650 




13 


74.6 


18.5 


Nd5 


Cul+Gal 


20 


660 


it 


14 


80 


17 
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15 


660 


15 


77.6 


18.6 


Nd4 




15 


670 
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76.6 


18.5 


NdS 




16 


670 
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Br 

OlG) 


iHc 
(kOe) 


(BH)max 
MQOe 


Br 

(%rc> 


iHc 
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10.8 
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-0.38 
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10.1 
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9.5 


-0,06 


-0.41 
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9.8 
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9.4 


-0.05 


-0.86 
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9.2 
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8.6 


-0.06 


-0.40 
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10.4 


3.3 


9.6 


-0.06 


-0.37 




6 


9.7 


3.6 


9.2 


-0.05 


-0.39 




7 


9.2 


4.5 


8.8 


-0.07 


-0.42 


m 


8 


9.6 


3.7 


9.3 


-0.05 


-0.34 




9 


10.3 


3.2 


9.6 


-0.04 


-0.35 




10 


9.7 


4.1 


{ 9.4 


-0.05 


-0.36 




11 


9.3 


4.6 


S.9 


-0.07 


-0.40 




12 


9.9 


S.5 


9.4 


-0.05 


-0.39 




18 


8.9 


4.7 


8.7 


-0.06 


-0.43 


it 


14 


9.9 


2.7 


6.7 


-0.05 


-0.36 


16 


9.6 


3.4 


7.0 


-0.05 


-0.37 


n 


16 


6.6 


4.4 


5.3 


-0.07 


-0.48 



[0 0 3 0] 

t>#©M©Fe-B-R-M (RliPr £fcfiN 
d , Mil Al> Si, S , Ni, C u , Z n , G a , 
Ag, Pt, Au, PbOl!tL<l±2i£Jl-h) <0-& 

li*"?, Fe 3 BHt^ftfU ! lCo-»i:, Nd 2 Fe 14 
B§Bite*«jtSr^ri-S^»tai:!Ssra-»*«f^*l¥ 
U (0¥-ti3&M>tit&tf 1 n m~ 5 0 n m<D$£B 
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